This study aimed to determine mutagen contamination, to compare the differences between inlet and outlet distribution, and the possible impacts on public health. Water samples were collected from four different waterworks in Guangzhou, China. The Ames test was conducted to investigate the potential mutagenicity caused by organic extracts from drinking water sources and peripheral water. Organic content was extracted with XAD-2 resin column and organic solvents, and toxicity was tested in three doses of extract equivalent, 0.2, 0.4 and 0.8 L source water. The results of the Ames test showed that all the organic extracts from water samples could induce different levels of mutagenic potentials in the absence of S9 mix, which indicated mutagenicity and strain. Comparing with TA98, TA100 was more sensitive in genotoxicity. Mutagenic enhancement factors were found in both drinking water sources and peripheral water. Water treatment technologies with different disinfection ways could increase the mutagenicity of water, but the biological significance of mutagenicity of the organic extracts remained to be further confirmed. The results suggested that it was necessary to concern the relationship between source water, water treatment unit and the mutagenicity factors of water. , 2019. The mutagenicity of organic extracts in source water and peripheral water with different disinfection ways. Applied Environmental Biotechnology, 4(1): 60-64.
Introduction
Drinking water can be contaminated at the original water source, during treatment, in distributional pipes from treatment facilities to homes and businesses, or in containers post-treatment (Gilbert and Rose, 2012) . Conventional treatment adopted by the majority of waterworks in the China, usually includes rapid mixing, coagulation, flocculation, sedimentation, filtration and disinfection. The disinfection of drinking water could produce by-products which may cause adverse health effects to the public (Hou et al., 2012; Zhao et al., 2012) .
Ames test can well stimulate the process of the water quality assessment for organic contaminants. Identifying the pollution, especially if caused by organic chemicals, is not economically and practically cost-effective due to the complex molecular structure of organic chemicals in the aquatic environment. Among these pollutants, the detection of mutagenes in aquatic environment is of great importance because of their abilities to induce cancer and potential damage to the germ line, which may lead to fertility problems and genetic damages among the future generations (Kutlu et al., 2004) . Therefore, short-term bioassays coupled with chemical analysis are a valuable technique to assessing toxic components in environmental samples (Schuetzle and Lewtas, 1986) . Of these bioassays, Salmonella typhimurium/microsome test is one of the most important methods with well-acknowledged accuracy (Maron and Ames, 1983) . Salmonella mutagenicity assay (Ames test) was specially designed to detect chemically induced mutagenesis. Numerous studies had reported the mutagenicity of complex mixtures in river water and sediments, lakes, industrial effluents and drinking waters using Salmonella mutagenicity test systems (Filipic and Toman, 1996; Hollert et al., 2000; Kataoka et al., 2000; Mamber et al., 1993; Cerna et al., 1998) .
It is expected that the survey data would be helpful for disinfection by-products (DBPs) health risk assessment, regulation and water treatment process optimization. Chlorination is used to kill pathogenic microorganisms in tap water and can effectively prevent and control waterborne infectious disease epidemic, with the advantages of low cost and being easy to use. In the recent decades, research have showed that the chlorination use in tap water could produce three halogenated methane carcinogenic, tumour and other organic halides. The safety problem has already gained great pubic attention. At present, a considerable large number of waterworks and operated by medium and small factories and township water choose chlorine dioxide disinfection, and a small number of large chemical plant owned water, pure water, water quality sub district etc. In order to understand the effects of different disinfection methods on mutagenicity of machine extracts, using Ames test, the liquid chlorine, Chlorine dioxide, ozone disinfection before and after the samples were induced by organic extracts mutation detection, and provide scientific basis for the choice of drinking water disinfection method.
This study aimed to investigate the possible contamination by mutagenic substances in the water from four waterworks which may play a role in population health. For this purpose, two strains of Salmonella typhimurium with frameshift mutation (TA 98) and base-pair substitution mutation (TA 100) were used in plate incorporation assay in the absence of metabolic activation.
Materials and Methods

Chemicals and Pretreatment
Agar and nutrient broth medium were purchased from Sigma (St.
Louis, USA). Amberlite XAD-2 resins were purchased from Beijing Beishi Zongheng science and technology development co., LTD. All other chemical reagents were of the highest commercial quality available.
A further cleaning was conducted for XAD-2 resins with methanol and dichloromethane in a Soxhlet extractor system. Then, the pre-cleaned XAD-2 resins were soaked in methanol. The resins column was eluted with 500 mL deionized water before use. All the glass containers were pre-cleaned by potassium dichromate-sulfuric acid solutions and kilned at 450 • C for 5 h.
Sample Collection
Water samples were collected in the source water from 4 different sampling sites including Suiyun, Xichun, Xintang and Nanzhou in dry periods from October 2012 to November 2012. Almost 70% of drinking water of Guangzhou city is from mentioned regions. At each sampling site, 20 L of water was collected with pre-cleaned glass bottles and then combined to 200 L for later analysis.
Sample Concentration
After collectiong, water samples were stored in at 4 • C for 24 h, and then each water sample was passed through XAD-2 to extract organic pollutants. The XAD-2 was pre-cleaned by consecutive Soxhlet extractions with acetone, n-hexane, and methanol (10 h each) and kept in methanol until field application in the batch-wise extraction. The velocity of flow was 30-40 mL/min. Organic matter was eluted with 300 mL dichloromethane /hexanex (85/15) and 200 mL acetone (rate of 3-5 mL/min). The organic solvents were evaporated to a small volume at 40 • C under reduced pressure by a rotary evaporator, and then dried by blowing with a nitrogen stream. The dry residue was re-dissolved in 3.0 mL DMSO (20 L water equivalent/mL). Further dilutions were performed as necessary. Samples were stored in a freezer at -20 • C until use.
Ames Test
The tester strains TA98 and TA100 were obtained from Wuhan Institute of Environmental Medicine, Tongji Medical College, Huazhong University of Science and Technology. The procedure of Ames test without metabolic activation was carried out as described (Blaise et al., 1994) with modifications. The overnight grown cell suspensions (approximately 10 8 cell/mL) of Salmonella typhimurium histidine autotrophs TA98 and TA100 were diluted tenfold with sterile distilled water. Four dilutions (0.2, 0.4, and 0.8 L are equal to source water respectively) of water samples were used for toxic analysis. The diluted test sample (0.1 mL) and bacterial culture (0.1 mL) were thoroughly mixed with 2.5 mL of molten top agar (0.6% agar and 0.5% NaCl) and poured over the surface of Vogel-Bonner minimal agar plate (1.5% agar, 0.4% glucose, 2% K 2 HPO 4 , 0.7% NaNH 4 HPO 4 ·4H 2 O, and 0.04% MgSO 4 ·7H 2 O). The top agar was allowed to solidify, and the plates were incubated in the dark at 37 • C for 48 h. Subsequently, the number of revertants and surviving colonies formed per plate, against a background lawn of growth, were counted. 4-Nitroquinoline 1-oxide was used as positive controls and sterile distilled water as a negative control. The mutagenic effect was evaluated by the number of revertant colonies per plates. The plates were prepared in triplicate for every test sample. The sample was considered as positive response only if the mutation rate (MR) was equal to or above 2.00 (MR = mutant colonies on test plate/spontaneous mutant colonies on negative control plate) and dose-response relationship was observed.
Statistical Analysis
Pearson correlation, one-way analysis of variance (ANOVA) and ordinary least-squares linear regression analysis were performed by IBM SPSS 19.0 software. The result presented was the mean of triplicate observation (± standard deviation). The effects of different doses were compared by means of statistical analysis (Bernstein et al., 1982) . ANOVA was used to compare the mutagenic potency or induction ratio in two seasons, genotoxicity induced by all the control and water samples. This study set the statistic significant level at 0.05.
Results
The Mutagenic Potential of Organic Extracts at Different Concentration in Source Water and Peripheral Water by Ames Test
The mutagenic potentials of three doses (equivalent to 0.2, 0.4 and 0.8 liter water) of organic extracts from water samples in four different zones of Guangzhou were analyzed in three equal intervals on two different strains TA 98 and TA 100. The Mutagenic Index (MI) was calculated for each assay and compered with negative control. The results of the mutagenicity of solvent extracts of source water samples from different waterworks were shown in Table 1 . Results showed that the number of revertants was increased but none of them were two-fold of the number of colonies in solvent control. Sample XT has the most revertants at both the dose 0.4 L and 0.8 L group on strain TA 100. Sample XC has less revertants than other samples in high dose group on strain TA98. 
The Mutagenic Potential of Organic Extracts in Source Water and Peripheral Water form Different Positions by Ames Test
In some periods, the numbers of revertants were decreased comparing to solvent control which indicated the toxic effect slowed down the growth of colonies. The tests using TA98 strains of S. typhimurium showed that the source water samples had toxic effect which was clearly understood. On the other hand, the tests using TA100 strain showed no mutagenic but strong toxic effect on bacterial colonies at XT while the number of the revertants increased up to 1.5 in MI value at the middle and high dose group (Table 2) .
Discussion
The quality of drinking water is highly associated with several health-related concerns such as microbial and chemical pollutants (Abda et al., 2015; Karyab et al., 2013) . Many investigations have emphasized on the risk assessment of drinking water to strength current authorities and reduce the possible health risks resulting from tracible hazardous pollutants in drinking waters (Bain et al., 2014) . The aim of the present study was to investigate the potential for contamination by mutagenic substances in drinking waterworks in Guangzhou City, China using Salmonella mutagenicity systems (Ames test).
Worldwide, some purification methods of water like H 2 O 2 and chlorination may cause formation of carcinogenic disinfection by-products because of the intensified pollution of water supplies to organic matters (Villanueva et al., 2014) . In fact, these widely used methods for disinfection in drinking water are responsible for more than half of positive Ames mutagenicity in apparently purified waters assessed by Salmonella mutagenicity systems (Ames test) which is a simple biological assay to assess the mutagenic potential of chemicals which has been widely used in the screening of chemicals (Kusamran et al., 2003) .
It should be pointed out that the Ames test was to identify the most significant sites for initial assessment of the basin presence of mutagenic compounds (Vargas et al., 1993) . Ames test was performed on water and sediment samples from Porsuk River without metabolic activation using TA98 and TA100 strains and found mutagenic and toxic effects with both strains at 5 different concentrations and in different sampling sites (Kutlu et al., 2004) . One study in India reported the extracts of the Penobscot River water and sediments and Penobscot drinking water had little to no mutagenic activity using the Salmonella mutagenicity assay detects (Warren et al., 2015) . 0.5, 1, 2, 4-liter water of organic extracts from raw, treated and drinking waters sampled from seven different treatment plants in five cities in Korea were challenged to the Ames test using S. typhimurium strains TA98 and TA100. The mutagenicity was usually observed from chlorine-treated (28.6%) and drinking (42.9%) waters rather than raw (3.4%) waters. The strain TA98 (33.3%) was more sensitive to detect the mutagenicity of water samples than the strain TA100 (16.7%). However, the absence of S9 mix showed higher mutagenic activity of waters compared to the presence of S9 mix, corresponding to the detection of 42.9% and 7.1%, respectively. These results indicated that the bacterial mutagenicity of treated and drinking waters may be derived from chlorination in water treatment plants, but the mutagenicity in humans may be limited due to enzymatic metabolism. In China, water quality monitoring is also necessary and feasible. Some studies have indicated mutagenic potential of drinking water. For instance, all water extracts from the Yangtze River and Hanshui River caused dose-dependent DNA mutation at certain concentrations, and mutagenicity varied during different seasons (Liu et al., 2011; Wu et al., 2004; Yuan et al., 2005) . Lv and colleague sevaluated the mutagenicity of the water samples using the Ames test with Salmonella typhimurium strains TA98 and TA100 (Lv et al., 2015) . It was found that the organic compounds in the water were largely frame-shift mutagens, and the finished water samples exhibited stronger mutagenicity than the relative raw and distribution water samples. In this study, all stations exhibited toxic properties in at least one dose and with at least one of two strains in mutagenicity study. In the related studies, toxic effects of the source water samples on bacteria were observed on the basis of significantly reduced number of the revertants compared to the solvent controls. Furthermore, to evaluate the use of disinfectant as a pretreatment in four waterworks, the MI value and revertants were compared at each strain of Salmonella test. For strains TA 98 and TA 100, more revertants were found in peripheral water, which means disinfectant may increase the toxic effect. Toxicity ability of organic extracts from source water was XT>SY=XC=NZ and XT>SY>NZ>XC for strains TA 100 and TA98, respectively. Nearly all stations had an increase after treatment.
In conclusion, the data of this study proved that all the organic extracts from the water samples could induce different levels of mutagenic potentials in the absence of S9 mix, which demonstrated the existence of mutagenicity and strain TA100 was more sensitive. It further indicated that the Ames test (TA 98 and TA 100) is an appropriate method for primary screening of mutagenic effects of some possible chemical compounds in drinking water.
